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[CLAIMS] 

[Claim 1] An optical recording medium comprised of a substrate 
on which at least a recording layer and a light reflecting 
layer are formed, said optical recording medium characterized 
in that said light reflecting layer is mainly comprised of 
silver and has an average crystal particle size of 200 to 600A. 
[Claim 2] An optical recording medium as set forth in claim 
1, wherein the recording layer consists of a phthalocyanine 
dye . 

[Claim 3] An optical recording medium as set forth in claim 
1 or 2, wherein the substrate is provided with a recording 
layer, a light reflecting layer, and a protective layer in 
that order. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Technical Field of the Invention] The present invention 
relates to an optical recording medium, more particularly an 
optical recording medium which has a light reflecting layer. 

[0002] 

[Prior Art] In recent years, write-once or recordable compact 
disks (CD) (CD-R) meeting the specifications of compact disks 
have been proposed as optical recording media comprised of 
substrates having light reflecting layers (for example, Nikkei 
Electronics No. 465, p. 107, January 23, 1989 issue). This 
optical recording medium, as shown in FIG. 1, is comprised 
of a substrate 1 on which a recording layer 2 , a light reflecting 
layer 3, and a protective layer 4 are formed in that order. 
The recording layer of the optical recording medium is 
irradiated by a semiconductor laser or other laser light at 
a high power. Therefore, the recording layer undergoes a 
physical or chemical change and information is recorded in 
the form of. pits. By irradiating low power laser light to the 
formed pits and detecting the reflected light, the information 
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of the pits can be reproduced. 

[0003] On the other hand, compact disks , laser disks, and other 
read only optical recording media being used instead of music 
records have the music information recorded beforehand on the 
surface of the substrates in the form of pits and are structured 
as substrates on which Al or Au or other light reflecting layers 
and protective layers for protecting the same are formed. This 
is the basically the same structure as a write-once or 
recordable CD except for the provision of the recording layer 
instead of the bit part of the substrate surface. A CD-R 
finished being recorded on can be played back by an ordinary 
CD player in the same way as a read only CD. 
[0004] 

[Problem(s) to be Solved by the Invention] The CD -Rs currently 
marketed are produced by successively providing a transparent 
substrate with a recording layer comprised of an organic dye, 
a light reflecting layer comprised of a metal, and a protective 
layer comprised of a UV curing resin in that order. As the 
light reflecting layer, since there is the recording layer 
with absorption at the wavelength of the laser light, normally 
the high reflectivity Au is used as the light reflecting layer. 
Gold, however, is expensive, so this is becoming a problem 
in terms of costs. On the other hand, when using silver, copper, 
or another metal which is inexpensive compared with gold, but 
has high reflectivity on a par with gold or alloys mainly 
comprised of the same as the light reflecting layer, a drop 
in reflectivity due to corrosion of the light reflecting layer 
or a change in the disk characteristics such as the error rate 
easily occur, so it was difficult to produce durable CD-Rs. 
[0005] 

[Means for Solving the Problem] The present invention has as 
its object to solve the above problems in the prior art and 
provide a low cost CD-R by maintaining durability equivalent 
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to that of a CD-R using high corrosion resistance gold as a 
light reflecting layer and using a reflective layer comprised 
mainly of a cheaper metal, in particular silver, as the light 
reflecting layer. 

[0006] The present inventors engaged in intensive studies to 
solve the above problem and as a result propose the present 
invention. That is, the problem is solved by the following 
aspects of the invention: 

(1) An optical recording medium comprised of a substrate on 
which at least a recording layer and a light reflecting layer 
are formed, said optical recording medium characterized in 
that said light reflecting layer is mainly comprised of silver 
and has an average crystal particle size of 200 to 600A, (2) 
an optical recording medium as set forth in (1), wherein the 
recording layer consists of a phthalocyanine dye, and (3) an 
optical recording medium as set forth in (1) or (2) f wherein 
the substrate is provided with a recording layer, a light 
reflecting layer, and a protective layer in that order. 
[0007] 

[Embodiments of the Invention] The concrete configuration of 
the present invention is explained below. The optical recording 
medium of the present invention has a light reflecting layer 
on a substrate. The "optical recording medium" indicates both 
a read only optical read only medium on which information is 
recorded in advance and an optical recording medium able to 
record and reproduce information. Here, however, as a suitable 
example, the explanation is given with reference to the latter 
optical recording medium able to record and reproduce 
information, in particular an optical recording medium 
comprised of a substrate on which a recording layer, light 
reflecting layer, and protective layer are formed in that order 
This optical recording medium has a four-layer structures as 
shown in FIG. 1. That is, the substrate 1 is formed with the 
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recording layer 2, the light reflecting layer 3 is formed in 
close contact above it, and the protective layer 4 covers the 
light reflecting layer 3. 

[0008] The material of the substrate of the present invention 
basically need only be transparent to the wavelength of the 
recording light and reproduction light. For example, a 
polycarbonate resin, vinyl chloride resin, polymethyl 
methacrylate or other acrylic resin, polystyrene resin, epoxy 
resin, or other polymeric material or glass or another 
inorganic material is used. Such substrate materials are 
fabricated into disk shaped substrates by injection molding 
etc. Grooves may be formed in the substrate surface if needed. 

[0009] As the recording layer in the present invention, one 
containing a dye is preferable. More preferably, the dye is 
a phthalocyanine dye. In particular, a phthalocyanine dye 
having a substituent, having a metal atom at its center, and 
able to dissolve in an organic solvent is used. As this 
substituent, a nonsubs tituted alkyl grou, aryl group, 
unsaturated alkyl group, alkoxyl group, aryloxy group, 
unsaturated alkoxyl group, alkylthio group, arylthio group, 
unsaturated alkylthio group, carboxyl group, carboxylic -acid 
amide group, silyl group, amino group, etc. may be mentioned. 

[0010] As more concrete examples of the aforementioned 
substituent, as an alkyl group, a methyl group, ethyl group, 
n-propyl group, n-butyl, isobutyl group, n-pentyl group, 
neopentyl group, isoamyl group, 2 -methylbutyl , n-hexyl group, 

2 - methylpentyl group, 3 -methylpentyl group, 4 - methylpentyl 
group, 2 -ethylbutyl, n-heptyl group, 2 -methylhexyl group, 

3 - methylhexyl group, 4 -methylhexyl group, 5 -methylhexyl group, 
2-ethylhexyl group, 3 - e thylpen tyl group, n-octyl group, 

2 -methylheptyl group, 3 - me thylhep ty 1 group, 4 - me thylheptyl 
group, 5 -methylheptyl group, 2 - e thylhexyl group , 3-ethylhexyl 
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group, n-nonyl group, n-decyl group, n - dodecyl group , and other 

primary alkyl groups, an isopropyl group, sec-butyl group, 

1 - ethylpropyl group, 1 -me thylbu tyl group, 1 , 2 - dime thylpropyl 

group, 1 -methylheptyl group, 1-ethylbutyl group, 

1 , 3 -dimethylbutyl group, 1 , 2 -dimethylbutyl group, 

1 - ethyl - 2 -methylpropyl group, 1 -methylhexyl group, 

1 - ethylheptyl group, 1 -propylbutyl group, 

1 - isopropyl - 2 -methylpropyl group, 1* ethyl -2 -me thylbu tyl 

group, 1 -propyl -2 -methylpropyl group, 1 -methylheptyl group, 

1-ethylhexyl group, 1 -propylpentyl group, 1 - isopropylpentyl 

group, a 1 - isopropyl - 2 -methylbutyl group, 

1- isopropyl- 3 -methylbutyl group, 1 -methyloctyl group, 

1 - ethylheptyl group, 1 -propylhexyl group, 

1- isobutyl -3 -methylbutyl group, and other secondary alkyl 
groups, a tert-butyl group, tert-hexyl group, tert-amino group, 
tert-octyl group, or other tertiary alkyl groups, a cyclohexyl 
group, 4 -methylcyclohexyl group, 4 - ethylcyclohexyl group, 
4 - tert-butylcyclohexyl group, 4 - (2 -ethylhexyl) cyclohexyl 
group, bornyl group, isobrunyl group, adamantane group, or 
other cycloalkyl groups etc.; as an aryl group, a phenyl group, 
ethylphenyl group, butylphenyl group, nonylphenyl group, 
naphthyl group, butylnaphthyl group, nonylnaphthyl group, 
etc.; and as an unsaturated alkyl group, an ethylene group, 
propylene group, butylene group, hexene group, octene group, 
dodecene group, cyclohexene group, butylhexene group, etc. 
may be mentioned. 

[0011] Moreover, these alkyl groups, aryl groups, and 
unsaturated alkyl groups may be substituted by a hydroxyl group, 
halogen group, etc. or may be substituted by the aforementioned 
alkyl groups and aryl groups through atoms such as oxygen, 
sulfur, and nitrogen. As an alkyl group or an aryl group 
substituted through oxygen, a me thoxyme thyl group, 
methoxyethyl group, ethoxymethyl group, ethoxyethyl group, 
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butoxyethyl group, e thoxyethoxye thy 1 group, phenoxyethyl 
group, methoxypropyl group, ethoxypropyl group, me thoxyphenyl 
group, butoxyphenyl group, polyoxye thylene group, 
polyoxyethylene group, polyoxypropylene group, etc.; as an 
alkyl group or an aryl group substituted through sulfur, a 
methylthioethyl group, ethyl thioethyl group, ethyl thiopropyl 
group, phenyl thioethyl group, methyl thiophenyl group, 
butyl thiophenyl group, etc.; and as an alkyl group or an aryl 
group substituted through nitrogen, a dimethylaminoethyl group, 
diethylaminoethyl group, diethylaminopropyl group, 
dimethylaminophenyl group, dibutylaminophenyl group, etc. may 
be mentioned. On the other hand, as a central metal of a 
phthalocyanine dye, a divalent metal is desirable. 
Specifically, Ca, Mg, Zn, Cu, Ni, Pd, Fe, Pb, Co, Pt, Cd, Ru, 
etc. may be mentioned. Moreover, it may be a metallic oxide 
such as a vanadyl group (VO) . 

[0012] Moreover, the above-mentioned phthalocyanine dye may 
in accordance with need be comprised of two or more types of 
phthalocyanine dyes mixed together and may include a light 
absorbent, combustion improver, quencher, UV absorbent, 
adhesive, resin binder, or other additive mixed in or as a 
substi tuent . 

[0013] The light absorbent spoken of here has absorption at 
the wavelength of the recording light and raises the 
sensitivity of a phthalocyanine dye film. An organic dye is 
desirable. For example, a naphthalocyanine dye, porphyrin dye, 
azo dye, pentamethine cyanine dye, squarylium dye, pyrylium 
dye, thiopyrylium dye, azulenium dye, naphthoquinone dye, 
anthraquinone dye, indophenol dye, triphenylmethane dye, 
xanthene dye, indanthrene dye, indigo dye, thioindigo dye, 
merocyanine dye, thiazine dye, acridine dye, oxazine dye, etc. 
are often used. Among these, a naphthalocyanine dye is 
particularly preferable from the standpoint of the absorbed 
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wavelength area. These dyes may further be used mixed together. 

[0014] As examples of a combustion improver, a metal-based 
anti knocking agent tetraethyl lead, tetramethyl lead, and 
other lead compounds, cymantrene (Mn 3 (C 5 H 5 ) (CO) 3 ) and other 
Mn compounds, the metallocene compound iron 

bis (cyclopentadienyl) complex (ferrocene) and Ti, V, Mn, Cr, 
Co, Ni, Mo, Ru, Rh, Zr, Lu, Ta, W, Os, Ir, Sc, Y, and other 
bis (cyclopentadienyl) metal complexes can be mentioned. Among 
these, ferrocene, rutenocene, osmocene, nickelocene, 
titanocene and their derivatives have a good combustion 
improving effect. As iron metallic compounds, besides 
metallocene, iron formate, iron oxalate, iron laurate, iron 
naphthenate, iron stearate, iron butyrate, and other organic 
acid iron compounds, acetylacetonate iron complex, 
phenanthroline iron complex, bispyridine iron complex, 
ethylenediamine iron complex, ethylenediaminetetraacetic acid 
iron complex, diethylenetriamine iron complex, 
diethyleneglycol methyl ether iron complex, diphosphino iron 
complex, dimethylglyoxylate iron complex, and other chelate 
iron complexes, a carbonyl iron complex, cyano iron complex, 
ammine iron complex, or other iron complex, ferric and ferrous 
chloride, ferric and ferrous bromide, and other halogenated 
iron or iron nitrate, iron sulfate, and other inorganic iron 
salts or iron oxide etc. may be mentioned. The iron metallic 
compounds used here is preferably one which can dissolve in 
an organic solvent and is excellent in humidity and heat 
resistance and light resistance. In particular, an 
acetylacetonato iron complex, iron - carbonyl complex, etc. are 
extremely preferable in the point of enabling good solubility. 
If needed, the above-mentioned combustion improver may have 
a substituent introduced, may be mixed, or may include a binder 
or other additive. 
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[0015] These dyes are formed into a film on the substrate by 
spin coating, casting, sputtering, chemical vapor deposition, 
vacuum deposition, etc. In the present invention, in order 
to form the dye film in a specific shape at the pit section 
and the groove section, spin coating is most suitable. 
[0016] In spin coating, a coating solution in which the dye 
is dissolved or dispersed is used. At this time, the solvent 
is preferably selected from ones not damaging the substrate. 
For example, n-hexane, n-octane, isooctane, or another 
aliphatic hydrocarbon solvent, cyclohexane, methylcyclohexane, 
ethylcyclohexane, propylcyclohexane, dimethylcyclohexane, 
diethylcyclohexane, or another cyclic-hydrocarbon solvent, 
benzene, toluene, xylene, ethylbenzene, or another aromatic 
hydrocarbon solvent, chloroform, carbon tetrachloride, 
dichloromethane, 2 , 2 , 3 , 3 - tetraf luoro - 1 -propanol , or another 
halogenated hydrocarbon solvent, methanol, ethanol, 
1 -propanol, 2 -propanol, diacetone alcohol, or another alcohol 
solvent, dioxane, tetrahydrof uran, diethyl ether, dibutyl 
ether, diisopropyl ether, or another ether solvent, methyl 
cellosolve, ethyl cellosolve, or another cellosolve solvent, 
acetone, methyl isobutyl ketone, ethyl acetate, or another 
ketone solvent, ethyl acetate, methyl acetate, butyl acetate, 
or anbother ester solvent, etc. may be mentioned. These organic 
solvents may be used alone or in mixtures or two or more types. 
[0017] In formation of a phthalocyanine dye film, among the 
above-mentioned coating solvents, it is possible to use 
n-octane, ethylcyclohexane, dimethylcyclohexane, or another 
organic solvent having a boiling point of about 120 to 140°C 
alone or one of these plus dioxane, xylene, toluene, 
propylcyclohexane, etc. mixed in a volume ratio of about 0.1 
to 10%. 

[0018] As the preferable coating conditions, for example, the 
dye solution is coated under an environment of a temperature 
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of 24°C±1 C C at an initial low speed (100 to 1000 rpm) for 1 
to 10 seconds, then immediately dried under the same 
environment at a high speed (2000 to 5000 rpm) for 10 to 60 
seconds, whereby a uniform dye film can be formed. Moreover, 
in accordance with need, it is possible to form not just one 
recording layer, but a plurality of layers of dyes. The 
thickness of the recording layer is about 10 to 200 nm. 
[0019] Next, a light reflecting layer is formed on the recording 
layer. In the present invention, it is desirable to use a metal 
film mainly comprised of silver as the light reflecting layer 
and make the average crystal particle size of the silver 200 
to 600A, preferably 300 to 500A. The particle size can be 
measured with a transmission electron microscope (TEM) etc. 
[0020] When the crystal particle size of the silver reflecting 
layer is smaller than 200A, the reflectivity becomes lower 
and reproduction sometimes becomes impossible. Moreover, when 
the crystal particle size is larger than 600A, when performing 
an 80 *C 85%RH humidity and heat resistance test, large numbers 
of defects occur due to agglomeration of the silver etc. In 
the worst case, reproduction becomes impossible. As the 
thickness of the silver reflecting layer, one in the range 
of 700 to 1500A, preferably 800 to 1200A, is preferable. 
[0021] As the method of forming the reflecting layer, for 
example, the methods of forming a thin film by sputtering, 
chemical vapor deposition, vacuum deposition, ion plating, 
etc. maybe mentioned. Among these, sputtering is the technique 
used most often. The crystal particle size of the silver 
reflecting layer can be controlled by suitably setting the 
amount of addition of impurities in the silver or the 
above-mentioned film forming conditions. 

[0022] As impurities, it is possible to add metals selected 
from the group comprised of indium, rhodium, palladium," 
platinum, titanium, molybdenum, tantalum, zirconium, vanadium, 
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tungsten, copper, zinc, and nickel alone or in mixtures. As 
the amount added, if too large, the crystal particle size will 
become smaller, but the reflectivity will end up falling, so 
about 0.1 to 5atm% is suitable. Note that as the sputter power 
is made larger or the gas pressure is made lower, there is 
a tendency for the crystal particle size to become smaller, 
so it is possible to easily determine the suitable sputter 
power or gas pressure experimentally. 

[0023] Moreover, in order to raise the reflectivity or to 
improve the adhesion, a reflection amplifying layer, adhesive 
layer, or other intermediate layer may be provided between 
the recording layer and reflecting layer. As the material used 
for the intermediate layer, one having a large refractive index 
at the wavelength of the reproduction light is desirable. For 
example, as an inorganic material, there are Si 3 N 4 , A1N, ZnS, 
a ZnS and Si0 2 mixture, Si0 2 , Ti0 2 , Ce0 2 , A1 2 0 3 , V 2 0 5 , ZnSe, Sb 2 S 3 , 
etc. These materials may be used alone or mixed together. On 
the other hand, as an organic material, a cyanine dye, 
phthalocyanine dye, naphthalocyanine dye, porphyrin dye, azo 
dye, squarylium dye, pyryliumdye, thiopyrylium dye, azulenium 
dye, naphthoquinone dye, anthraquinone dye, indophenol dye, 
triphenylmethane dye, xanthene dye, indanthrene dye, indigo 
dye, thioindigo dye, merocyanine dye, thiazine dye, acridine 
dye, oxazine dye, or other dye or polystyrene, polyvinyl 
acetate, polycarbonate, polyethylene, polypropylene, 
polyacrylic ester, polymethacrylic acid ester, 
styrene-acrylonitrile copolymer, polyvinyl alcohol , polyvinyl 
acetal, polyvinyl butyral, polyvinyl formal, polyvinyl 
pyrrolidone, poly p-hydroxystyrene , and other polymeric 
materials may be mentioned. 

[0024] Furthermore, the reflecting layer may have a protective 
layer formed on it. The material of the protective layer is 
not particularly limited so long as the layer protects the 
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reflecting layer from external force. As an organic substance, 
a thermoplastic resin, thermosetting resin, UV curing resin, 
etc. can be mentioned. A UV curing resin is desirable. On the 
other hand, as an inorganic substance, Si0 2 , SiN 4 , MgF 2 , Sn0 2 
etc. can be mentioned. Note that it is also possible to form 
this by dissolving a thermoplastic resin, thermosetting resin, 
etc. in a suitable solvent, coating the coating solution, and 
drying it. With a UV curing resin, the layer can be formed 
by coating the resin as it is or dissolving it in a suitable 
solvent to prepare a coating solution and coating the coating 
solution, then irradiating UV light to cure the resin. As the 
UV curing resin, for example, urethane acrylate, epoxy acrylate, 
polyester acrylate, or another acrylate resin can be used. 
These materials may be used alone or mixed together. There 
is nothing stopping forming not just one layer, but multiple 
layers . 

[0025] As the method of forming the protective layer, in the 
same way as the recording layer, spin coating, casting, or 
other coating method or sputtering, chemical vapor deposition, 
or other method may be used. Among these, spin coating is 
preferable. The thickness of the protective layer is about 
1 to 15 pm. 

[0026] 

[Mode of Operation] According to the present invention, by 
controlling the crystal particle size of the silver reflecting 
layer to a range of 200 to 600A, an optical recording medium 
excellent in durability and excellent in recording/reproducing 
characteristics is provided. 

[0027] 

[Examples] Below, examples of the present invention will be 
shown, but the present invention is not limited to these. 
[Example 1] 0.25 g of ph thalocyanine dye shown in the following 
formula (1) (Formula 1) was dissolved in 10 ml of a coating 
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solution comprised of ethylcyclohexane plus 3% o-xylene to 
prepare a dye solution. The substrate used was a disk made 
of a polycarbonate resin, having a continuous guide groove, 
and having a diameter of 120 mm and a thickness of 1.2 mm. 
The substrate was spin coated with the dye solution by a speed 
of 1500 rpm and dried at 70 # C for 2 hours to form a 100 nm 
recording layer. 

[0028] This recording layer then was formed on it with a silver 
reflecting layer of a thickness of 1000A by DC magnetron 
sputtering using a Balzers sputtering apparatus. The 
sputtering conditions at this time were set as 5kW sputtering 
power and 5 mTorr sputter gas pressure; When observing the 
crystallized state of the silver reflecting layer at this time 
using a transmission electron microscope (TEM) , the crystal 
particle sizes were distributed over a range of 200 to 600A 
and the average crystal particle size was 510A. 
[0029] Furthermore, the reflecting layer was spin coated with 
the UV curing resin SD-17 (made by Dainippon Ink and Chemicals) , 
then irradiated with UV rays to form a protective layer of 
a thickness of 6 pm. The thus prepared sample was recorded 
with an EFM signal using a commercially available CD writer 
(Philips CDD521) . After recording, the error ate was measured 
using a Pulstec Industrial optical disk evaluation apparatus 
DDU-1000 and Kenwood CD decoder made (DR-3553). 
[0030] This sampel was subjected to a 80"C 85%RH humidity and 
heat test using a program thermohygrostat (HI FLEX- FX2 2 00 made 
by ETAC) and the error rates (BLER) after 500, 1000, and 2000 
hours were measured. 
[0031] 
[Formula 1] 
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[0032] [Comparative Example 1] Except for changing the sputter 
power to 0 . 5 kW, the same procedure was followed as in Example 
1 to produce an optical recording medium. When observing thie 
silver reflecting layer at this time by a TEM, the crystal 
particle sizes were distributed in a range of 700 to 1000A 
and the average crystal particle size was 920A. This medium 
was recorded with an EFM signal using a commercial CD writer 
in the same way as in Example 1 to measure the error rate. 
Moreover, an 80 *C 85%RH humidity and heat resistance test was 
performed in the same way as in Example 1. 

[0033] [Example 2] Except for using silver which contains 3 
atm% of indium as an impurity, the same procedure was used 
as in Example 1 to produce an optical recording medium. When 
the silver reflecting layer at this time was observed by a 
TEM, the crystal particle sizes were distributed over a range 
of 100 to 500A and the average crystal particle size was 390A. 
This medium was recorded with an EFM signal using a commercial 
CD writer in the same way as in Example 1 to measure the error 
rate. Moreover, an 80*C 85%RH humidity and heat resistance 
test was performed in the same way as in Example 1. 
[0034] [Comparative Example 2] Except for making the sputter 
power 1 kW and the thickness of the silver reflecting layer 
2000A, the same procedure was followed as in Example 1 to 
produce an optical recording medium. When observing the silver 
reflecting layer at this time by a TEM, the crystal particle 
sizes were distributed in a range of 1200 to 1600A and the 
average crystal particle size was 1460A. This medium was 
recorded with an EFM signal using a commercial CD writer in 
the same way as in Example 1 to measure the error rate. Moreover, 
an 80'C 85%RH humidity and heat resistance test was performed 
in the same way as in Example 1. The results are summarized 
in Table 1. 
[0035] 



(Table 1] 





Average 
crystal 
particle 
size 


80*C 85% RH humidity and heat 
resistance test BLER (c/s) 


0 hr 


500 hrs 


1000 
hrs 


2000 
hrs 


Ex. 1 


510A 


<5 


<5 


<5 


<5 


Comp . Ex . 1 


920A 


<5 


480 


1370 


7450 


Ex. 2 


390A 


<5 


<5 


<5 


<5 


Comp . Ex . 2 


1460A 


<5 


990 


4530 


7450 



[0036] 

[Effect of the Invention] According to the present invention, 
by making the average crystal particle size of the silver 
reflecting layer within the range of 200 to 600A, it is possible 
to provide an optical recording medium which has excellent 
durability and good recording/ reproducing characteristics. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

[FIG. 1] Cross - sectional view of the layer configuration of 
an optical recording medium 
[Description of Notations] 

1 Substrate 

2 Recording layer 

3 Light reflecting layer 

4 Protective layer 
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^co^Wffi*IB«iiS^liSffi^®±^^^^«$S* f 

tmm *■» u r * ia » uae * * uea pje £ft c d t 

[ 0 0 0 4 ] 

CD-Rli, Sltt. SB43ftSff±(w*«6X^&ftfttB 
ttS. SB^&ftSftKKB. »MIfflHk«Ba > &4* 

«bb * z: r s c t j: u im s n * 0 *s 

*ll^tiTi^ fl L#Lfttfe>, £ttiMiT**fc«> 
tfBBT&ofco 



[ 0 0 0 5 ] 

[BB*»s*T *fc«><0*f4] ±EKBjft« 
CD-RfcHt?<D»Att*ff*#U <tUfiflft*«, » 

i4CD-Rtafltr«ut«i»i:t«. 

[ 0 0 0 6 ] *SERB#e>ti. ±IBRB*K5*T / <<«* 

So IP*. ia)BaB(iJs/Toafflicj:oTliia*ti*o 
( 1 ) *«±lw^ft < t fclBaBXl/itJSWB^Jflc 
$ ti T t ^ £ 3fcI3SS«f* I- fet^Tx * BJStt S ift& £ ±J& 
#t ¥tt)lSB&&* r 2 0 0 -6 0 0 AT'^S^cr $ 

imtrzmmmw. (2) iBsmitf^pvT 7 - 
>fe*j:*j4-5 (1) mmcommmWs (3) 

±ICE»B. ftJEIiBXtfftBBOBlcitttt&n*: 
(1) Sfcli (2) EttO#f3»«<*Tfc* 0 
[ 0 0 0 7] 

IcIft^TSo **W^)3lfeIBa«f*tt*«±t-3tJS»B* 
*rr*o #B»Bf**:li*«>«SB*f3» 5*iT^«B4 

WT***fBa«f*^P5»«*'tt)C0T&«p 11 U - 
^T(iJi«fc LT«#Olt«^IBaUTH±<7)T#S3t 

ClW«T}BSEU/c*lB»«»CB8UT»RB'r*o -^3t 
I3»«{*tiiai tc^f <*9ft 4M*I^^:^LTt^S 0 IP 
Sffil ±lw|BliS2 3^HM$tiT43U. ^^±tc^ 

1IH 4 «f*R»B3 €S-pT^5 0 

[0008] *§zm<ogM<r>itint UT«> s^eucii 
E»*xtm±*o)«fiT3SWT & ti tf j: t^o m 7. it\ 

* vaBSOffi^ttB**^ ^^OfcBttW^Wffl * 
ti* 0 iti6a>WBttW*«iaiS»a»u:J:*JRB«l3 

[ 0 0 0 9] *aWl-J3lt«E»Bi: LT li. 

7 7 ->fe^T^U. ^IcBBSt^lx, +*tc*«B : f- 
* o^BJBiitz pIJB %7 2ni,7->&m%m^zt> 
<DT&2>o ZCOm^tLTU. *»^«B. 3 

^ tf e>ns 0 

[0C1 0] MIBB«*a>J:*Jft#Klft1Jli: tTii, T 
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S> n-7>;ug. ^fv7f;H, n-^>^u». * 

*^>*;uSs -f 77^ JUS. 2 — * f^7>M, n 

4 -J* ^ju^v^uS* 2-x^;u7^ju&. 

X, 2-X^;U/\^r v^S. 3 — X^JU^V^JU^. n 

-^^juS. 2 ^n-'W^JUS. 3-^^-^^7" 

g v 2-X^;u/\* iWUg. 3— X^JU^* vJl'S, n 

>iu^;bSx -fvyPt>^ sec-7f^Sv 1 -x 
^JuypbiJUS. 1 — > ^^ju*. 1, 2 — 

1, 3-v>^7:^S. 1, 

JU^*->JUS. 1 -X^JU^T^U*. 1— 

1 --f V 7'P b^- 2 - > f A7*P k'M, 1 
— x^JU-2— *3-Ji'75'J\Jk+ 1— ^PfcfJI^— 2— * 
f;^at>S, i -^ju^y^u*. i-x^ju^v 
^v^S. 1 — 7'p tiJU^^^S. 1--fV7'Pt> 
A->^^l v i --f vyptf;u-2-^^^7>;uS, 
1 — f yypt>-3->^7fM, 1->^# 

03-)i>&. 1 -X^JU'W'^JUS. 1 -7'Pt^A^y 

1 -^f 77f^-3-^^^7>Miori7 
t e r t — T^^S. t e r t — 
S> t e r t — T 7 ^ y t e r t — * ? ^JU&UCDH 
SRT 7 ^^^. y^PA^y^S, 4 - ^JUv ? P^ 
drvJbS, 4-lf^y^P^^vM, 4 — t e r t 
-T'^i/y^P'S^v^ 4— ( 2 - i^K^y 

£UTli. 7i-^S, X^;U7x=JU&. 7fil/7i 
-;ug. yz;b7i-^i, t7f^i, 7 * JUT 7* 

i:LT(i, x^u>X. 7'Pt e L/>l, 7>l/>8, ^ 
*-fe>S:. ^7t>I, K^ : -tz>S. v?P^*-tz> 

[0 0 1 1 ] dtlb^T^U^JUS. 7'J-^S, 

^ia3fP7 7 ^^^^lit: KP^r>^*^/\P'y-'>*^TM 
j^^tiTtJ:<, Sfc. K*. MMI^ST? *fr 

KIR t T S ft $ ti T t ^ T 7 4- ^ £ ^ T 7 1 J - )\> » 
LTlt ^ h^v^f^S, > h^vif^l, x 

ih^yi^Is 7Kyi^S, x 
h^rylh^ylfJL'i, 7iMvI^I, 
>ypt'^S. lh^y7*PtVl/i, > h J P'y7.i-^ 
I, 7^y7ii^ #'J*4vlfU>i, 
^^ylfl/>l, ^^^y7'Pfl/>i?^ ffi* 
^^lTl^^lTl^7i^il'S^7 l J-^8t UT 



ti > ^uT-tfx^S* x^ju^x^u*, x^ju^ 

Tf-yPfcfJUS. 7i-J^^If^S, ^H^t7i 
-JUSx 7f^f^7i-^S#l il^^LTl^ 

^yifibi, y!f^7^7IfM, ylf^7$ 
y^PtiM, y>5 L ^7^7 7irjl/g, y7>^7 
= y7i-M?^flf5n5 0 -S, 7^Py7Z> 
feKD+i^St UTti, 2lWig^»$l/<x S# 
6<31Z IJ. Ca, M g . Z n . C u , N i . P d . F e . 
P b . Co. P t . C d . R uH tf'^lf bftSo * 
A'ty^S (VO) *<0£g«<t%T&oTt>«U*o 
[0 0 12] ±E7*n->7=>fe3ltt<M«CJB 
UT, 2tt!JiJ^±CD7^P>'7 7 x>fe^$:v^UTffi^ 

[0 0 1 3] let*? tBfS*0«Stcqfi 
JRaFfcU* 7^Py7Z>MWI^I«)5/;«)(0 

t 7 — ^7<u>Sfe^, yy^m. 

**^>v:PX>^feijf. ^^7'JU0ASfei> tf'J 
>K7i/HHfeS, hU7i-JU^^>MIv ^ 

[0 0 1 4] ««ffi5t»JO)15li:L/Tl4. *«*7>^y 
y * > ^SJT' & 5 rax es ^ ^ ju$S^c if ms&it 

t^y-7>hl/> (Mn (C5 H 5 ) (CO) 3 > & 

^ vC7P^>^ vx-;uflte (7xPt» 
Ti. V, Mn. Cr, Co. Ni. Mo. Ru. R 
h . Z r . L u . T a . W. O s . I r . Sc. Y4'if 
£)t£*v?P^>* vx-;u£gt£f*£3*tf 6ti5 0 + 
Tt)7iPt>, ;u-^y-tz>. ^-^ J £-tz>. -7^rPt 

*Mtt. yi^Sa, 7-5'J^K». t7T>88, * 

7-fcz h*- M*«M*. 7it>hP'J>», bf^t: 
'Jy>ft(W, x^ix>v7 7 ^ ifu>y'7 
^^EftHrtftflU*, >x^u> h'J7 = >»Sii*. >x 
\s>c? l J =3-;uv> ^-;ux--r^f*$S<*, < 
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4^<o««iftiaa. *e>tctt. BHbaa^a^tf e>n 
u a n # >t a?tt s> n § t ^ 9 i^s * u i \, 

[001 5] £ne>£>fe3S(4 h}*^*** h 

[0 0 1 6] * t">=3- KSU:*5^Tl4feS£Slg6* 
t^li^«[$-i*:/c2fe^5S>a€fflt^^ CRISES! 14 

t4\ n~^^-9">. n-*?2>. -f V:*?*>t?<0ffi 
ttK«Mb*lKXSflIL v*P^*-fr>* >^v^P^ 

>, *JUv?P^*-9->. yi^i/y^PA^1f> 
^OJ)B«^b*iR**«. ^>i?>. MUX> X ^yl/ 
>„ x^;u-^>-if>»(7)3f#iSJg-fb**»5Sax ^po 
*;ua. Eg^-fbKSis ?^pp^>, 2, 2, 3, 3 

x$y-;u, l-yp/v- 
;u, 2 — T/pyty-JU, v?t h>7J^-^f ^7^ 

^ux-^JK v7fJH-jJk v^QfcfJUx- 
PV^7f(OtPVJl/7liil> 7th>, ^MV 
7mh>?Wh>ei, IMi^K StBM? 1 
, EtR y^Ji^WO x * t- £ £ tf* if 6 n <5 o 

^ne<7)^«»9Jli*»Tfc. &*iM4 2iiffiJSiJLS£ 

[0 0 17] ^□vT'x^fetglllc&JEiaUcasi^T 
14, ±I2^&»8IG) + T14, n x^;u>? 
p/\*-»j->, v> v^p^4-tf>*:t\ 3fcj£* f 1 2 

o-i a orB*a*«K**s?ffl^>t»j. &*t* 
ttin6iCi/**-9->^*vu>. h;ux> x 7'pt^ 

y^PA^^>/j:t^<$«tb$TO. 1-1 0%fl/£>fi 
[0 0 1 8) K* Li^WSfettfc LTli, IHAtf, 

2 4 c c± i °c(DiMikTrmmzi^mmi ( i oo-i o 

0 0 r p m) 71-1 0#Hfe*»»*a* L/c8L B 
*£HSII»TB5fiSliK (2 0 0 0 - 5 0 0 0 Vp m) T 

1 o-6 ■Q®mte»-f*t®-it&mmtmtiL?*Zo 
*/c ^BCwjcuriBttJiii i ifc'WT4<aawft* 

*5*sJ:*1 0 - 2 0 0 nmJIK ?&3 D 



[0 0 1 9] *Hl3»MO±li*S»«t»ttT*o * 
RWlKfc^Tti* *S«Jlt3at±flEftt L/c£JSJ!£ 
BHv A»o*OfaO) 3 Fi9l8*ea« f 2 0 0 - 6 0 OA. 
ff* L< 14 3 0 0 — 5 0 0 klZ-$Z>Zt1f$t* Ul> 0 Z 

mm&s assMS^ssfflta item) tfTaisrr*;: 

[ 0 0 2 0] ffiSt* Ji<?5«Sa?iSA r 2 0 0 A «fc »J 'h * 

t/c eA&&^6 o o Act tj*#t**&. 8 0 B C 8 5 

% R H OBa»14K8Sffo /c«*. tt0>»«4 if 
M-5o fRKttJfttMt: UTI4* 7 0 0- 1 5 0 0 

Ax u< t4 8 o o- 1 20 o A<Dmm\**iz&nim 

[ 0 0 2 1 ] K#»*JBJ£T LTtt, fflitf* 

'J fl£*»tau XS3K*3u 4*>y 

Tt^v^U >?~&(4. «fccfc <ffi^e>nT^3^>£ 
T<fc£ 0 fRR»JiOlSae«l4* IRO^ttttCOSiP*^ 
JlIB<0j£1II*# S z fcu:<fc u 

[0 0 2 2] ^Wfot UTt4.- -f >vOA. Pv-)A> 

;i/=|-OAs /<7"V0A X ^>^"^5 L >. tgx ^Ins - 

v-5r^*6Stfn4*K**a&*t^i4aaiR'&LTai 
in l t t) et t N 0 2§iP*tbTi4, **^*t<r*te 

0. 1 -5 a t m9fiff*fl f SKBT**o ^ 

«*€**<r«i-«£^s */c. #^EE*ffi<r*tcse 

[0 0 2 3] *tz, Kmm*m&*tctb*>W1S&ZJ:< 

tj 3r 4 1 u t i4 h * % <d : ,& & r m in m tf * * t ^ ^ «*• ii * 

Lt^o «Atf. «S«***4i: LT14. S i 3 N4 > A I 
N x ZnS. ZnSi:S i02 (DyR^tyl, S i O2 > T 
i02> Ce02 > AI2O3, V2 O5 , ZnSe. 
Sb2 S3 ttdif&Vs Ctib^ffl^^T^5^(i 

y7i>ffel, 7^P>7 7 x>^fe^ s t7^Pv7 
X>^fe^, #;U7< 'J >^fe*. TV%&m. 

fe*. 77H')A|M, t7F^;>m 7^> 

x;u>^>^fe^, ^-y->-r>^fe^. -f>^>^u> 

7i>iM< ^T 7 v >^fe^. T 1 [ ) v >^fe^> 
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>, tf'JT 7 ? 'JJH*X>l7-JU, tflM^LNmi^T- 
**u: — T'^'jn- h'J^Itfr tf'Jfcfxju 
7>;uzi-;k *"'J fcfxjUT-b^-JK #'J tfxju:?^ 

*u/t7kKD*v^fu> * if a^-JHM b£4*j atf * if 

[0024] $ e>ic jkmb<&±i-«bb*»/3cS -e* 

U\ SfcpjSSttttfBl. BWMbttWB. UVflMbtttBBSft 

^«4*Ki: LT(i, SiO2.SiN4.Mg 
F 2 . Sn02 Htf^lfbftSo £*S. JftRlSttWII. 

U8St^i:(:J:oTMt5^^^ 0 UV 
AMbttttBtt* * L< tta^^»9Jtc»KLT 

U VflHbttfltBfc LTli. «Atf. •)i/^>7^'JU- 

[ 0 0 2 5] ftBi^Mro^at LTli. IBSiBfc^ 

1—1 5 m m T & 3 © 
[ 0 0 2 6] 

iftffl] *«wic<tntf. «s«Ji^teaoat 2 o o 

- 6 0 0 A<0KHF*3lc#J«r*ii:lcJ:»J. 
[ 0 0 2 7 ] 

[Xttfflll ) TlfisC (i ) Mbi ) t:*Sti*7*P-> 

7 7 ->fe^0. 2 5 g *X^JUv^P^^r-9->tC 3%o 

aiy^a€St5Eg1 2 0mm^ 1 . 2m 

$s§&1 5 0 0 r p mT^h'>3- h 7 0 *C 2 B#Pb1K 
iLT, iBSfil OOnmOML/co 
[ 0 0 2 8 ] C(7)IB!^®<7)±ic/N;nf-^4i|4 J ^^ fc v ^ 

If £ 1 0 0 0 A<flfREMBS»MUfco 

7n* 7 ^tS5 kW, 7/N*7^^^E5m 



To r rdRKU/io C 0) t £ COi8JSfttB(7)fiS«!S « 
e a B B 88« r 2 0 0- 6 0 0 AOIEHrttC»ftUT*5U , 

TiSfiftttatt, 5 1 oAnot, 

[ 0 0 2 9 ] * b lCS«B^±tC»^««<b«B SD- 
1 7 (*B*-f>**b¥XB») Uf>3-FU: 
8L *#ta»MLTIS 6 ^mO«BI«Mlfc. - 

7^iSCDD5 2 1) £ffll>T, EFMlI^fclBfi 
L/c 0 IBtML /^7T7^HiH7tT< ^^ifii^S 
DDU- 1 0 0 0MK E NWOODgC Dr3-^*- 
(DR- 3 5 5 3 ) £ffll^T\ l7-*tJt L/c e 

[0030] io-y-v^u^rp^^Ananass (e 

T ACIIH I F L E X-F X 2 2 0 0 ) £ffi^T. 80 
"C 8 5 %n HH»*H4ttB*fTtv 5 0 0 , 1 0 0 0 . 

2oooi»Biaaaoi7-$ (bler) «b«:l 

/Co 

[ 0 0 3 1 ] 

»bi] 




[ 0 0 3 2] [itmU ) lC*>i>T, 
^££0. 5 kWtcai*C^Ja*H4K»«lwUT*Ea 
«f*€fttSUfco ilOt*Of8S«B€TEMlCj:UiB 
mVtctZZ, 7 0 0-1 0 0 0 A<7)|eHf*9 

IC#*U 3FJ9*SSfi«li. 9 2 OAT^^Co Z<0» 

E FMff-^£lBiiU X^-^£51IJ:e: L/c G S/c. UK 
ffll fcB«CUT8 0°C8 5%R HMBMttKB«f7-3 

/Co 

[ 0 0 3 3] [R««2] tC:tei*T\ 3 a t m 

JiW It Rltttz L TftEfMKf* * flFB L fc c - ^ k $ 
J5#*B* T EMCJ:»JBSl//:t:^, 1 0 

0- 5 0 0 A<7)i£Hrtlc#flj U ^ISSSati, 3 9 

CD7-f ^-€fflt^TE FMli#tIB»U X^-a££ 
SHE: L /Co $ /c . H*a<5« 1 £ BtttC LT80t85%R 

[ 0 0 3 4 ] []:b«ffll2) SEKSfflll ICist^T, ^/^v^ 

^^3^1 kw, BJSHB^BB ^ 2 0 0 0 At:-r^ci: 
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00-1 6 0 o A<7)iEfgf*uc#7su Ti&ejMSfitt * 

1 4 6 0 AT'^o/co Z <M8ifa ZMt&Vt 1 fcHlJUC LT 



5%R H»a«H4tttttfto/=o iti&wests 1 t: 

[ 0 0 3 5 ] 

[«1 ] 







80 t:85XRH 


BLER(c/s) 




Ohr 


500hxs 


lOOOhrs 


2000hrs 




510A 


< 5 


< 5 


< 5 


< 5 


JttMSl 


920A 


( 5 


480 


1370 


7450 




390A 


( 5 


< 5 


< 5 


< 5 


Jttt«2 


1460A 


( 5 


990 


4530 


7450 



[0 0 3 6] 

g£2 0 0 — 6 0 0 AOTISHF*3lwTSi tlw«i:»K MX 1 



[Ell 1 *ffl««M*«>JIfllJ£*jj*TBrffiBI 

ISiiJB 
ffRJf 



IBM 1 




rn pv 



